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Background: Cardiotrophin-1 (CT-1), a cytokine produced by cardiomyocytes and non-cardiomyocytes in conditions of
stress, can be used as a biomarker of left ventricular hypertrophy and dysfunction in hypertensive patients. Hypertension
is one of the main adverse events in the third and last phase of Fabry’s disease (FD). We measured CT-1 in order to
examine its correlation with the vascular and cardiac alterations at different ages and assess its potential for use as a
biomarker of hypertension in FD.
Findings: The level of CT-1 was clearly higher in hypertensive adults than in adult FD patients. FD patients show a
small, non-significant decrease in plasma CT-1 with age, while in hypertensive patients CT-1 in plasma rises strongly
and highly significantly with age.
Conclusions: CT-1 can be considered a good biomarker of the progression of hypertension with age, but particular care
is needed when following hypertension in FD patients, since CT-1 does not correlate the same way with this disease.
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Introduction
Cardiotrophin-1 (CT-1) is a member of the interleukin-6
superfamily and activates gp130-dependent signaling,
stimulating the (JACK/STAT) pathway and cardiac hyper-
trophic myocytes [1]. In conditions of stress, CT-1 acti-
vates different pathways in cardiac hypertrophic myocytes,
leading to myocardial fibrosis, and contributing to the
pathogenesis of hypertensive heart disease [2].
A recent study indicated that circulating CT-1 correlates
with cardiac hypertrophy and vascular damage in hyper-
tensive patients so it could serve as a biomarker of left
ventricular hypertrophy and dysfunction in these cases
[2,3]. CT-1 could therefore offer a new clinical and
diagnostic approach for monitoring hypertension and
its pathological effects [3-7].
Hypertension is one of the main adverse events occur-
ring in the last phase of Fabry’s disease (FD). FD is a rare* Correspondence: mmcorsi@unimi.it
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unless otherwise stated.X-linked hereditary lysosomal storage disorder due to
deficiency of α-galactosidase A (α-Gal A), resulting in the
accumulation of globotriaosylceramide (Gb3), which leads
to an inflammatory response [8] leading to a variety of
clinical manifestations, ranging from cerebrovascular dis-
eases to renal injury and cardiomyopathy [9-17].
FD nephropathy progresses with the severity of the
disease, eventually resulting in chronic kidney disease,
leading to hypertension. Usually untreated patients show
three clinical phases of FD nephropathy, according to
age [17]. In the first phase (childhood and adolescence)
there is glomerular hyperfiltration; in the second (adults)
there is renal involvement with proteinuria and lipiduria,
and in the third phase severe renal and cardiovascular
complications arise, leading to hypertension [14].
The vascular aspect of FD has been described [18,19]
but there is still no ‘gold standard’ for monitoring the
complications of hypertension. We therefore measured
CT-1 in people with and without FD, developing hyper-
tension with age, in order to examine the correlation
between this cytokine and the involvement of the vas-
cular and cardiac system at different ages and assess
the potential for using it as a biomarker of hypertension
in FD. CT-1 was positively associated with age in. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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took the opposite direction. The findings do indicate that
CT-1 could be a good biomarker to monitor the progres-
sion of hypertension with age, but particular care is
needed in FD patients because its levels do not correlate
the same way with this disease.
Patients and methods
Patients
The population study comprised 18 FD (10 male and 8
female) and 34 (20 male and 14 female) not-FD hyper-
tensive people, divided into two groups according to age
(young, 3-30 years; adults, 40-65 years) and gender
(young FD: 4 male and 4 female, young hypertensive: 8
male and 7 female, adult FD: 6 male and 4 female, adult
hypertensive 12 male and 11 female. All FD patients had
a confirmed diagnosis based on enzyme analysis and
genotyping, and presented borderline hypertension at
the time of the study. The hypertension population was
defined as having systolic blood pressure (BP) ≥140 mm
Hg and/or diastolic BP ≥90 mm Hg in three consecutive
measurements. Fabry subjects present little if noneFigure 1 Cardiotrophin-1 plasma levels in Fabry disease (FD) and hyper
(CT-1) plasma levels in young male and female (3-20 years old) hypertensive (
pale gray bar female). Panel B: Cardiotrophin-1 (CT-1) plasma levels in adult m
bar female) and FD patients (white bar male/pale gray bar female). Panel C: C
old, black bar male/dark gray bar female) and adult male and female (30-65 y
Panel D: Cardiotrophin-1 (CT-1) plasma levels in young male and female (3-20
female (30-65 years old, white bar male/ pale gray bar female) FD patients.ventricular hyperthopy, with Left ventricular wall below
the pathological threshold (<12 mm).
CT-1 assay
Plasma EDTA was obtained from all the participants.
After centrifugation at 1500 g for 15 min, samples were
rapidly frozen and stored at -20°C until assay. Plasma
CT-1 was determined by enzyme-linked immunosorbent
assay (ELISA) (BioVendor Research and Diagnostic Prod-
ucts, Brno, Czech Republic).
Statistical analysis
The results are presented as mean ± standard deviation
(SD). For between-groups comparisons we used Student’s
two-tailed t test, taking p <0.05 as significant. Analyses
were done with GraphPad Software (San Diego, CA).
Results
CT-1 was measured in FD and hypertensive patients
matched by age (Figure 1). Panel A depicts CT-1 plasma
levels in young patients, which were slightly but signifi-
cantly higher in those with hypertension (FD youngtensive patients matched for age and sex. Panel A: Cardiotrophin-1
black bar male/dark gray bar female) and FD patients (white bar male/
ale and female (30-65 years old) hypertensive (black bar male/dark gray
ardiotrophin-1 (CT-1) plasma levels in young male and female (3-20 years
ears old, white bar male/pale gray bar female) hypertensive patients.
years old, black bar male/dark gray bar female) and adult male and
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7.93 Fmol/mL, p < 0.05). Panel B shows the CT-1 plasma
levels in adults. CT-1 was clearly and highly significantly
higher in hypertensive than FD adults (FD adults 6.14 ±
3.62 Fmol/mL vs. hypertensive adults 29.53 ± 3.92 Fmol/
mL; p < 0.0001).
Figure 2 illustrates the CT-1 levels with age in the FD
(panel A) and hypertensive patients (panel B). In FD
patients plasma CT-1 decreased slightly but not signifi-
cantly with age whereas in hypertensive patients the
plasma levels showed a marked, highly significant increase
with age (young vs. adults p < 0.0001). Data were divided
and analyzed according also to the gender. No significative
difference were observed between genders in any case.
Discussion
The main finding of this study is that CT-1 is positively
associated with age in hypertensive patients, while in FD
patients plasma levels take the opposite direction.
In hypertensive patients there was an age-related ten-
dency for CT-1 to rise, younger patients having lower
levels than adults. This agrees with previous reports in-
dicating CT-1 as involved in left ventricular hypertrophy
and dysfunction in hypertensive patients [2,3,5] and could
therefore be a good potential biomarker to monitor the
development of hypertension. Since hypertension is a
progressive condition that evolves with age, monitoring
patients is very important for the clinical approach and
treatment. In FD too there is a pathological progression
with adult age, particularly in the cardiovascular system,
leading to hypertension [11,14].
Our study is, to our knowledge, the first comparing
circulating CT-1 level in FD and hypertensive patients,
particularly in relation to age. While in non-FD hyperten-
sive patients CT-1 plasma levels rose with age, FD patients
showed the opposite pattern, young patients having higher
CT-1 levels than adults. This agrees with a generally lower
level of CT-1 in plasma of FD patients than hypertensive
patients (as shown in Fig 1) . Thus, while CT-1 is consid-
ered a good biomarker in hypertensive patients for moni-
toring the cardiac dysfunction, FD patients develop
hypertension differently, probably not involving the
CT-1 mediated pathway. FD adults develop a variety of
complications, being a consequence of progressive renal
injury [20]. It is therefore possible that hypertension
develops in FD following a different pathogenic mechan-
ism from non-FD hypertensive patients, mainly related to
cardiac dysfunction and, therefore, involving CT-1. CT-1
results were also divided and analyzed according to the
gender in both FD and hypertensive patients, but no sig-
nificative difference were observed between genders both
in young and adult subject.
Our study has some limitations, including the small
samples because FD is a rare disease, and the FD patientsdid not have severe cardiac complications. They also only
had mild hypertension at the time, so we probably need
patients with more serious hypertension to investigate the
role of CT-1 further. For these reasons, our findings must
be considered simply as preliminary observations that
need thorough investigation to understand the potential
for CT-1 as a hypertension biomarker in FD patients
better.
In conclusion, CT-1 can probably be considered a good
biomarker to monitor the progression of hypertension
with age in association with left ventricular hypertrophy
[21], but particular attention is needed when monitoring
the development of hypertension in FD patients, where
CT-1 does not correlate with this disease.Consent
Written inform consent was obtained from the patient
for the publication of this report and any accompanying
images.
Competing interest
The authors declare that they have no competing interests.
Authors’ contributions
MGM and EG written the article, ED, EV, LT perfomed the experiments and
statistical analysis, AS enrolled the patients, GT and MMCR developped the
study. All authors read and approved the final manuscript.
Author details
1Department of Biomedical Sciences for Health, Università degli Studi di
Milano, Milan, Italy. 2Department of Biomedical, Surgical and Oral Sciences,
Università degli Studi di Milano, Milan, Italy. 3IRCCS Galeazzi Orthopaedic
Institute, Milan, Italy. 4Department of Sciences for Health, Università degli
Studi di Milano - Bicocca, Milan, Italy. 5IRCCS Policlinico San Donato, San
Donato, Milano, Italy.
Received: 18 November 2014 Accepted: 11 December 2014
References
1. Fischer P, Hilfiker-Kleiner D: Survival pathways in hypertrophy and heart
failure: the gp130-STAT axis. Basic Res Cardiol 2007, 102:393–411.
2. Lopez B, Gonzalez A, Querejeta R, Larman M, Rabago G, Diez J: Association
of cardiotrophin-1 with myocardial fibrosis in hypertensive patients with
heart failure. Hypertension 2014, 63:483–489.
3. Gonzalez A, Lopez B, Ravassa S, Beaumont J, Zudaire A, Gallego I,
Brugnolaro C, Diez J: Cardiotrophin-1 in hypertensive heart disease.
Endocrine 2012, 42:9–17.
4. Gonzalez A, Lopez B, Martin-Raymondi D, Lozano E, Varo N, Barba J,
Serrano M, Diez J: Usefulness of plasma cardiotrophin-1 in assessment
of left ventricular hypertrophy regression in hypertensive patients.
J Hypertens 2005, 23:2297–2304.
5. López B, González A, Lasarte JJ, Sarobe P, Borrás F, Díaz A, Barba J, Tomás L,
Lozano E, Serrano M, Varo N, Beloqui O, Fortuño MA, Díez J: Is plasma
cardiotrophin-1 a marker of hypertensive heart disease? J Hypertens 2005,
23:625–632.
6. López-Andrés N, Rousseau A, Akhtar R, Calvier L, Iñigo C, Labat C, Zhao X,
Cruickshank K, Díez J, Zannad F, Lacolley P, Rossignol P: Cardiotrophin 1 is
involved in cardiac, vascular, and renal fibrosis and dysfunction.
Hypertension 2012, 60:563–573.
7. Lopez B, Gonzalez A, Querejeta R, Barba J, Diez J: Association of plasma
cardiotrophin-1 with stage C heart failure in hypertensive patients:
potential diagnostic implications. J Hypertens 2009, 27:418–424.
Marazzi et al. Immunity & Ageing  (2014) 11:27 Page 4 of 48. De Francesco PN, Mucci JM, Ceci R, Fossati CA, Rozenfeld PA: Fabry disease
peripheral blood immune cells release inflammatory cytokines: role of
globotriaosylceramide. Mol Genet Metab 2013, 109:93–99.
9. Duro G, Musumeci MB, Colomba P, Zizzo C, Albeggiani G, Mastromarino V,
Volpe M, Autore C: Novel alpha-galactosidase A mutation in patients with
severe cardiac manifestations of Fabry disease. Gene 2014, 535:365–369.
10. Zizzo C, Colomba P, Albeggiani G, Gallizzi R, Iemolo F, Nuzzo D, Vasto S,
Caruso C, Duro G: Misdiagnosis of familial Mediterranean fever in
patients with Anderson-Fabry disease. Clin Genet 2013, 83:576–581.
11. Desnick RJ, Brady R, Barranger J, Collins AJ, Germain DP, Goldman M,
Grabowski G, Packman S, Wilcox WR: Fabry disease, an under-recognized
multisystemic disorder: expert recommendations for diagnosis,
management, and enzyme replacement therapy. Ann Intern Med 2003,
138:338–346.
12. Nagao Y, Nakashima H, Fukuhara Y, Shimmoto M, Oshima A, Ikari Y, Mori Y,
Sakuraba H, Suzuki Y: Hypertrophic cardiomyopathy in late-onset variant
of Fabry disease with high residual activity of alpha-galactosidase A.
Clin Genet 1991, 39:233–237.
13. Branton MH, Schiffmann R, Sabnis SG, Murray GJ, Quirk JM, Altarescu G,
Goldfarb L, Brady RO, Balow JE, Austin Iii HA, Kopp JB: Natural history of Fabry
renal disease: influence of alpha-galactosidase A activity and genetic
mutations on clinical course. Medicine (Baltimore) 2002, 81:122–138.
14. Schiffmann R, Warnock DG, Banikazemi M, Bultas J, Linthorst GE, Packman S,
Sorensen SA, Wilcox WR, Desnick RJ: Fabry disease: progression of
nephropathy, and prevalence of cardiac and cerebrovascular events
before enzyme replacement therapy. Nephrol Dial Transplant 2009,
24:2102–2111.
15. Pisani A, Visciano B, Imbriaco M, Di Nuzzi A, Mancini A, Marchetiello C,
Riccio E: The kidney in Fabry's disease. Clin Genet 2014, 86:301–309.
16. Meikle PJ, Ranieri E, Ravenscroft EM, Hua CT, Brooks DA, Hopwood JJ:
Newborn screening for lysosomal storage disorders. Southeast Asian J
Trop Med Public Health 1999, 30(Suppl 2):104–110.
17. Spada M, Pagliardini S, Yasuda M, Tukel T, Thiagarajan G, Sakuraba H,
Ponzone A, Desnick RJ: High incidence of later-onset fabry disease
revealed by newborn screening. Am J Hum Genet 2006, 79:31–40.
18. Rombach SM, van den Bogaard B, de Groot E, Groener JE, Poorthuis BJ,
Linthorst GE, van den Born BJ, Hollak CE, Aerts JM: Vascular aspects of
Fabry disease in relation to clinical manifestations and elevations in
plasma globotriaosylsphingosine. Hypertension 2012, 60:998–1005.
19. Namdar M, Gebhard C, Studiger R, Shi Y, Mocharla P, Schmied C, Brugada P,
Luscher TF, Camici GG: Globotriaosylsphingosine accumulation and not
alpha-galactosidase-A deficiency causes endothelial dysfunction in Fabry
disease. PLoS One 2012, 7:e36373.
20. Terryn W, Deschoenmakere G, De Keyser J, Meersseman W, Van Biesen W,
Wuyts B, Hemelsoet D, Pascale H, De Backer J, De Paepe A, Poppe B,
Vanholder R: Prevalence of Fabry disease in a predominantly
hypertensive population with left ventricular hypertrophy. Int J Cardiol
2013, 167:2555–2560.
21. Weidemann F, Ertl G, Wanner C, Kramer J: Minor revisions: the fabry
cardiomyopathy - diagnostic approach and current treatment. Curr Pharm
Des 2014, 21(4):473–478.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
